Over the last couple of decades, methylotrophic yeast, Pichia pastoris emerges as an important 32 yeast species owing to its increasing application in industry and basic biological research. 
INTRODUCTION 64
Methylotrophic yeast, Pichia pastoris is now an important model in both basic biological 65 research (Gasser et al., 2013) Efforts were made to introduce DNA of interest for either introduction or deletion of the gene of 83 interest both from perspectives of basic science as well as industrial importance. As a result, 84 several protocols were devised for the introduction of DNA of interest in P. pastoris cells 85 including electroporation (Becker & Guarante, 1991) , alkali cation method (Ito et al., 1983) , 86 treatment of cell with polyethylene glycol (or PEG) (Dohmen et al., 1991) and method involving 87 spheroplast generation method (Cregg et al., 1985) . Each of these methods has its own benefits 88 and shortcomings. But all the available procedure for P. pastoris transformation involves two 89 steps viz 1) preparation of competent cells and 2) transformation of competent cells. Although, 90 electroporation is quick, reliable and allows a large number of transformations, but the 91 preparation of competent cells is a long procedure which requires over-night pre-culture, dilution 92 of pre-culture followed by growth of cells to certain cell density (in all available methods pre5 secondary antibodies (Biorad), SDS (Fisher), NaOH (Fisher), glycerol (Calbiochem), TCA 126 (Sigma), methanol (Fisher), electroporation unit (BTX, ECM20, version 1.04) bench top 127 centrifuge (Eppendrof), antibiotics (sigma), UV-visible spectrophotometer (from Beckmann 128 Coulter), nonfat skimmed milk powder (Apex), X-ray film processor (from Knoica SRX-101A), 129 autoradiography films or sheets (Blue Devil). All other reagents were of either analytical or 130 molecular grade. 131
Strain and plasmids 132
All the Pichia pastoris strains used in the present study are isogenic to the PPY12h background. 133
Cartoon presentation of plasmid (showing essential elements) integrated into P. pastoris genome 134 for introducing gene(s) of interest using the protocol described in present manuscript is shown in 135 figure 2.1. 136
Media 137
YPD media (2 % yeast extract, 1 % peptone and 2 % dextrose). SD+CSM-His (0.17 % YNB 138 without amino acid and ammonium sulfate, 0.5 % ammonium sulfate, 0.08 % CSM-His, 2 % 139 agar, 2 % dextrose), YPD + Zeocin (YPD + 100 μg/mL Zeocin). All cultures were grown at 30 140 °C, 250 rpm. 141
Protein extraction 142
Transformants were patched on fresh selection plate(s) and plates were incubated at 30 °C till 143 patches grow (generally 1-2 days). One mL YPD media were inoculated using cells from the 144 patch. Tubes were incubated at 30 °C, 250 rpm. Next day OD 600nm of cell suspension was 145 checked and cell suspension equal to one OD was transferred into fresh 1.5 mL eppendrof tube 146 and TCA (Trichloroacetic acid) was added to the tube such that final concentration of TCA was 147 around 12.5 %. Tubes were incubated at -80 °C for one hour. After one-hour tubes were taken 148 out from deep freezer, thawed at room temperature and vortexed for 30 second. The tube was 149 then centrifuged at 18000 g for 8 min and the supernatant was discarded. The resulting pellet was 150 resuspended in 1 mL of chilled 100 % acetone (using water bath). Tube(s) were again 151 centrifuged as above, and the supernatant was discarded carefully without disturbing or losing 152 protein pellet. The protein pellet was air dried and resuspended in 100 μL Laemmli buffer 153 (Laemmli, 1970) . 154
Immunoblotting 155
Whole cell lysates (extracted above) were resolved on 10 % SDS-PAGE and proteins were 156 transferred onto the nitrocellulose membrane as described elsewhere (Towbin et al., 1979) . 157
Efficiency and quality of transfer were checked by staining the blots with Ponceau S stain just 158 before incubating the blots in blocking solution (5 % nonfat skimmed milk powder in TBST) 159 (Romero-Calvo et al., 2010). Proteins were detected by using monoclonal anti-GFP and HRP 160 conjugated goat anti-mouse as secondary antibodies respectively. Blots were developed using 161 chemiluminescence (from GE). 162
Fluorescence microscopy 163
Images were captured and analyzed using a fluorescence microscope and software as described 164 elsewhere (Wang et al., 2017). 165
Transformation protocol 166
The detailed protocol for Pichia pastoris transformation is described below. On a fresh YPD 167 plate, a patch of required strain(s) was prepared, and plate(s) were incubated at 30 °C. Patch size 168 Therefore, a protocol which is short, reliable and robust which can reduce the efforts, time, 203 resource and allows transformation of a large number of strains will be important. Importantly, a 204 protocol which does not require growth of cells in flasks or handling of bulk culture i.e. skip 205 culturing step is always desirable. Therefore, in the present study, I will be describing a protocol 206 for P. pastoris transformation which does not require culturing the cells and allows a large 207 number of transformations with minimum efforts and also requires less resource in terms of use 208 of lab equipment like shaker, big centrifuge, and other lab reagents. 209
Basic workflow 210
A detailed procedure of Pichia pastoris transformation is described in materials and methods 211 section. Here only the basic workflow of the protocol is described, and comparison was drawn 212 between the protocol described in the present study and other available protocols (Figure 1) . 213
Basic elements of plasmid integrated in P. pastoris using present modified protocol is shown in 214 The supernatant was discarded, and the cell pellet was resuspended in such a way that total 229 volume of cell suspension was around 50-70 μL and a required DNA (intact plasmid, digested 230 plasmid or PCR product) was mixed properly with cell suspension and the cell suspension was 231 transferred into an electroporation cuvette. Electric pulse or shock was given using settings 232 described in material and methods. After electric shock 1 mL recovery medium (1 M sorbitol or 233 2 % glucose) was added to cuvette and cells were mixed well. The content of cuvette was 234 transferred into eppendrof tube and cells were pellet down by centrifugation at 3000 g for 3 min. 235
The supernatant was discarded, and the cell pellet was resuspended in sterile water such that final 236 volume is no more than 100 μL. Cells were plated on a required plate. 237
Number of transformants that appeared on transformant plate vary significantly and represented 238 image of one of the transformant plate is shown in figure 2C . Cost effectiveness of present 239 modified procedure for P. pastoris transformation is shown through table 2. 2014). Both fusion proteins were checked by detecting C-terminal GFP tags using anti-GFP 245 antibodies (Fig. 3A) . Western blot image also shows that the expression of PpCue5-GFP andshown by Ponceau S stained blot image which clearly showed the amount of protein loaded in 248 each well were similar (Fig. 3B) . Out of six colonies checked by western blot, five were positive 249 and was negative for both PpPgk1-GFP and PpCue5-GFP. In both the cases colonies were 250 selected randomly for verification by western blot. Plasmids (with PpCUE5 and PpPGK1 under 251 their native promoter and C-terminal GFP tag) was integrated at his locus ( Fig. 2A) after  252 linearizing plasmid by EcoNI. Introduction and expression of a gene introduced using the present 253 modified procedure of P. pastoris transformation were also checked and confirmed by detecting 254 GFP in cells using fluorescence microscopy ( Fig. 3C and 3D for PpPgk1-GFP and PpCue5-GFP 255 respectively). Taken together with data of western blot and microscopy data showed that gene(s) 256 introduced by a modified procedure for P. pastoris transformation were integrated properly into 257 the genome at required locus or position and able to express properly. 258
Both western blot as well as microscopy data showed significant difference in abundance of 259
Pgk1 and Cue5 and our present data is accordance with previous studies (Kulak et al., 2014 ) 260 suggesting that observed difference in protein abundance is not due to experimental artifact. Note 261 in both the case gene is under its endogenous promoter. Mass of fusion protein was 65.7 kDa and 262 71.6 kDa for Cue5-GFP and Pgk1-GFP respectively. 263
Factors affecting transformation efficiency 264
The efficiency of transformation depended on several factors including the physiological state or 265 age of cells or culture, way the competent cells are prepared, nature of recovery medium, the 266 number of cells or cell density, amount of DNA. It is important to study how different factors(s) 267 affect the efficiency of transformation. Therefore, in the present study, I check the effect of age 268 of patch on YPD plate, use of DDT, HEPES buffer during competent cell preparation and 269 recovery medium after giving an electric shock to cells. Presently available data showed that age 270 of patch on YPD plate affect transformation efficiency significantly (Fig. 4A) . After 3 days I 271 could get only a few colonies and after five days I could not get any colony on transformants 272 plate (data not shown). Further, it was observed that application of DTT and HEPES pH8 at a 273 final concentration of 40 mM improve the efficiency of transformation significantly ( It is important to mention that efficiency of transformation is affected by nature of plates. It is 310 highly recommended to avoid old plates and does not allow patch grows too thick. It was 311 observed that transformation efficiency falls dramatically as the thickness of patch increases or 312 patch become older. I find that patch generally of 18-24 hour old is most suitable for preparing 313 cells for transformation. It is also advised that one should prepare patch using healthy growing 314 cells. Patch prepared for old dying cells significantly reduces transformation efficiency. Apart 315 from that described procedure will also of great importance for those who do not have access to 316 large shakers and centrifuges. It is important to mention that addition of reducing agent (example 317 DDT) dramatically affects transformation efficiency and present observation is in accordance 318 with the previously published protocol (Cereghino et al., 2005) . It was also observed that use of 319 1 M sorbitol as a recovery medium is not essential and one can also use 2 % dextrose if selection 320 will be made on dropout media lacking required amino acid. But if selection will be made of 321 antibiotic plate, even YPD is good enough as a recovery medium. It is important to mention that 322 number of colonies on transformant plates is highly dependent upon nature of DNA (plasmid or 323 PCR product), gene locus for integration of DNA, nature of selection, number of homologous 324 residues in DNA, whether the transformation is for gene deletion or introduction of gene and so 325 on. It is important to mention that apart from introduction of gene of interest present modified 326 protocol was also suitable for deletion of endogenous gene or ORF (dada not shown). 327
The present protocol has been tested on different P. pastoris background including GS200, 328 
